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Examination. request is filed according to § 44. of the Patent Law 
(54) Catheter for Transmybeardial RevasculMzation 

(57) Catheter for transmyocardial revascularization with a guidable, multilumen mother 
catheter (10) and a number of individually guidable daughter catheters (12, 14) guided from 
the mother catheter (10) in which at least two of the daughter catheters ( 12) are provided on 
their distal end with a device (16) for their attachment to the internal wall of the heart and an 
additional daughter catheter (14) is provided with a device (18) to introduce a fine hole into 
the internal wall of the heart, in which at least spme of the daughter catheters (12, 14) are 
provided in the region of the distal ends with piezoelectric elements (20, 22) to be controlled 
via the catheter for emission and reception of ultrasonic energy. 




2 



Specification 

The invention concerns a catheter for transmyocardial revascularization with a 
guidable, multilumen mother catheter arid a : number of individually guidable daughter 
catheters guided from the mother catheter, in which at least two of the daughter catheters are: 
provided on the distal end with a device for fix infernal wall of theheart and an 

additional daughter catheter is provided With a device for introduction of 
internal wall of the heart. 

A catheter used for transmyocardial revascularization, i;e; ? for introduction of holes 
into the internal wall of the heart, is described in EPO 515 867 A2. 

tottoductipn of holes into the wall of the mypcsu^umcaui praduce asituadpri in 
which areas of the heart muscle less supplied with blood can be provided with oxygen from 
the left chamber of flie heart In many cases this ty pe of Merven&on permits long term 
avoidance of the otherwise essential bypass operations or balloon dilations. 

Control and guiding of the position and depth of the hole being introduced to the 
myocardium are of Mafoir significance in this typ& of intervention: the holes are to be 
introduced to a stipulated region with the most regular possible spacing, the depths of the 
holes are to be determined according to the thickness of the myocardium, in which 
penetration of the myocardium must be reliably ruled out. i 

The underlying; cask of the invention is therefore to devise a catheter for 
transmyocardial revascularization in which better control of the location and depth of the 
hole introduced to the myocardium is possible. 

This task is solved according to the invention in that at least some of the daughter 
catheters are provided in the region of the distal ends with piezoelectric elements to be 
controlled via the catheter for emission and reception of ultrasonic energy, 

The piezoelectric elements of the fixation catheters, but also of the perforation 
catheter can be designed as piezofilm surrounding the fixation device or the perforation 
device in annular fashion. 

The configuration of the fixation device is not an object of the invention and,, for 
example, can be a drilling hook or suction head. The configuration of the perforation device 
is not an object of the invention either, in which it can be a laser fiber, aneedle, a heating 
wire or a high-pressure jet. 

The invention is explained below with reference to a drawing. In the drawing: 

Figure 1 shows a schematic view of the catheter. 

Figure 2 shows an enlarged section through the catheter* 
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Figure 3 shows an enlarged representation of the distal part of thecatheter, in which 
three fixation-daughter catheters are provided differently than in the catheter shown in 
Figures i and 2, and 

Figure 4 shows a PC used for displays 

The catheter depicted in Figure L consists of a motheir catheter 10 that guides three 
daughter catheters 12, 14. Thetwod&ugte 

;a ^ drilling hook 16 that serves for fixation of the free end of the catheter ph the intenta! wall of 
the heart. The third daughter catheter 14 is provided on its free end with a device 18 that is 
capable of introducing a fine hole into the ihtemal wall of the heart In the pr^fiieal example 
shown it can be the end of a laser fiber or a wire exposed to highrfrequency energy* 

The fixation catheters 12 can be guided in their alignment by means of a control wire 
18 on the pro>dmal end of the catheter and the control wire 18 also serves to insert the drilling 
head 16 into the wall of the myocardium and thus fix the daughter catheters. The perforation 
catheter 14 is provided with a control wire 20 that serves for alignment of its distal end, and 
with one to guide the energy (in the depicted practical example laser Ii|ht) to the distal end. 

The daughter catheters can be brought out via a hempstatic valve 24 or 26 from the 
mother catheter 10. The mother catheter 10 can be guided via a guide channel 26. 

The fixation catheters 14 carry an annular piezofilm 28 in the region of the distal 
outlet ends, while the distal outlet end of the perforation catheter 14 has an annul ar piezofilm 
30. The piezofilms 28, 30 are controlled via (nPt shown) very fine electrical wires and are 
excited to emit ultrasonic waves. The received ultrasonic, waves -.are guided accordingly to an 
evaluation device via these wires* 

During use of the catheter the fixation catheters 14 are first attached to the 
myocardium. When the piezofilm 30 on the perforation catheter 16 is excited* this emits 
ultrasonic waves that are received by the piezofilms 28 on the ends of eathe ters 1 4, By 
measuring the travel time required by the ultrasound to migrate from the perforation catheter 
16 to the fixation catheters 14* the ipcMon.of the peiforation device 18 relative to the 
fixation device 16 can be determined in methods known as direction finding. The location of 
the fixation devices 16 relative to each other and to the perforation device 18 can also be 
determined in corresponding fashion. In this manner the location of the free end& of at least 
three catheters can be clearly determined and displayed on a screen on an evaluation device 
shown as PC 34 in Figure 4. 

It is then possible to mark the locations at which a lesion has already been introduced 
in the form of a hole into the myocardium, the location at which the perforation device is 
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situated (tn Figure 4 indicated with an M x") can be displayed* and an appropriate location for 
insertion of an additional hole can thus be determined by the operator. 

The piezoelectric elements 20, 22 on the outlet ends of catheters 14, 16 can also be 
used to determine the thickness of the myocardium in order to determine an appropriate depth 
ih the c$r^ cass df the hole to be intmduc^d to the inteiiial wail of the heart A 

Corresponding representadon of the myocardium in its thickness and the location Of the 
perforation device 18 to be introduced in the hole is possible in simple fashion by an imaging 
process using the signals emitted and received again by the pi^eleiftehts 20, 22, in which 
the echo fram the boundary line between the outer side;of tfte xttyoea^ium and the tissue 
surroundihg it is recorded and evaluated. 

Claims 

1". Catheter for transmyocardial revascularization, with a guidable, multilumen 

mother catheter (10) and a number of iridividually guidab le daughter catheters ( 12, 14) 
guided from the mother catheter (10) in which at least two of tfce daughter catheters (12) are 
provided on their distal end with a device (16) for their fixation on the internal wall of the 
heart and an additional daughter catheter (14) with a device (18) for introduction of a fine 
hole into the internal wall of the heart, characterized by the fact that at least some of the 
daughter catheters (12, 14) are provided in the region of their distal ends with piezoelectric 
elements (20, 22) to be controlled via the catheter for emission and reception of ultrasonic 
■energy. 

2. Catheter according to Claim i, characterized by the fact that the piezoelectric 

elements of the fixation catheters (12) are designed as piezofilm (20) surrounding the fixation 
device (16) in annular fashion. 

3.. Catheter according to Claim 1 or Claim 2, characterized by the. fact that the 
piezoelectric elements of the perforation catheter ( 12) are designed, as piezofilm (20) 
surrounding the perforation device (IS) in annular fashion. 

4. Catheter according to one of the preceding Claims, characterized by the fact 
that the device for introduction of a fine hole into the internal wall of the heart is a laser beam 
device. 

5. Catheter according to one of the Claims 1 to 4> characterized by the fact that 
the device for introduction of a fine hole into the internal wall of the heart is a wire exposed 
to high-frequency energy. 
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Prufungsantrag gem, I 44 PatG 1st gettaift 
(§)Kath6terzurtran3myokardlalen RftvaskuioriMtion 

@ fCathatar zur traimmyokftrdiiieii aavatkularisttion, mit 
ain&m .lankbst^ und 
dinar Metorxahl yon 4sm Mutttrkathebr (10) g 
ai main lenXba ran TochteHcath«urn (1 2, 14), wo^ wenig- 
otani rwai dor 1>^ht^iteST«rt^ Shdo 
mtt atnar dnifd^ung^li^ 

wandimg des Hsrsena yarsehtn 1st und waitar«« d$r 

-Tochta*!^ 

gan atnaa {arnan Uchs fn dio Jnn«nyraritdunQ daa Hareana 
versahoo ist bai dam wanigatani airdga dar Tochta^at^ 
(12, 14) Im aaralch femf 'iMfem £pw'lniK-&b^ da* 
Kathater anrusteuamdan piazaalaictritchan Elamantan (20, 
22} sum Auaaanden und aim Empfon^an von UltratchaU- 
anargia vareahan sind. 



< 

s 

o 
n 

IO 
UJ 

a 




DIa folgandan Angaban aJnd dan vom Aruwaldor alng»r»lcirt*« Untarfiffan aatnomman 

SUNDESDRUCKERa 02.97 7Q21W2Q3 



DE iS&mXM Al 

1 2 

Besdtrdbung -*Hggiga$j^^ 

Die Er&idting betrif ft einea l^eta a^t^^ .g^||tS$^ 

kardiaJen fteva*^^ sondlre ra^ End* eines ibawBrfife uro 

lumigen j&otj^^ Mcltit^& iftfe'^ttp 3 an^rMth^ beaufochlagten Draht 

dmMurterkathetergefahrten.^ todeln. 

tericathejbe^^ Dl| -'jRfimtbn^tbeto 12 sihd am proxMen Bade 

tcr ao ihrem %taiai£nde rmteiner Emrichtuxtg des des Katbeters ttber ^ 

.sea Ftxadon an der Innenwandung des Herzens verse- ,Ausr|&M 

hen 1st und ein weiteres derTochterkatheter mit etiier to dazu, den Bohrkopf 16 indi* 

Einnt^tuiig zum Einbringeri ernes feinen Lochs in die emzusefcrauben 

IrineBwaato&d^ Pas i J^o<S«P^feib«ter 14 itt'a^einestt ;S^erd^tiQf 

In der ^ bescMes- versehen* der zur kmb^ 

ben, das zur transrayokardlalen Rcvaakulaiisadon dien^ dient, sowie rait einer die Energie — 1m dargesiellten 

aUo zurEiiibniigungvonL^chernindie Imienwandung 15 AusfSlmrngsbeisp^ 

desHerzcret zu Milium 

Die Embringung von L&cherit in die Myokardwand E^$q%^ 

kaM "b&^^daffi; mintfe durebbiutete Herzniuskcl* schesVenril24 Saw. 26 aiis d^Mttttea^ ID her- 

bezirkemiiSauemoff ausdertf^ 3&j|ifi^ 

sorgrwerden*£in soicherE^ 30 ■ teiall|^erfer; 

ansonsten erfonderiicbe Bypassoperadonen c&er 8a> ' - Die Fixationskat^ 

Bei einera solchen Eing^ die ^<Stak Austrittsende des Lcihujigskatbeters 14 eine 

SjeusTUo^ 1iieie : d^^ ni||^ 

-ebi^ibi^j^^^ w& grpdtes ^^m&bp^j. Die b ^^^e^en'^fl^ liidSi jdfc^e^^lJtee-'---- s^tgetefr 

Ldcher aind in efinem vorgegebenen Bereids mit mdg- deirtrische Ldt^ 

Uchst regelmaBigra A bs^ v^alJtt^ Empm^&ttd w^ej* 

LSd^'btdtf.Di^e d^ ; M^lc^^6pr^^^, j^ri^^ afe diese Ijekun^n m 

bestsminen, wabei eta Durchdringen des Myokards 2u- dnerAuswcrteausrichturiggefahrt. 

veriassigausgescbiossenseinmuB> 30 Ed ^Vexwendimg des Katheters werden ztmlchst die 

Der Erf&#^ ein fto^j^iiSftieter 14 ajpti MyokaM angeheftet ^enn 

KalSeter mir tftuasn^ Rcvaskularisation zu- tmtM <0M$olk 30 auf dem Lochungskathcter 16 er- 

schaffen, bea der erne bessere Koatrolle des Ortes und nrgt ; fir$ sendei dieses Ultraschailwellen aus, die von 

der Hefe der ia das Myokard emgebraduen L5cher den Piezofoiien 28 an den Enden der Kiuheter 14 emp- 

mdgiichist 35 toge^ werteru Durch «ine Messung der Laufzeit, die 

ErflndungsgemaBwu^dicjeAufg^ der Ukraschal! benOdgl, umvondem Lochungskatbctcr 

irer^b5m ; Eb^ Pe$]tp^& • 

den piezoeiektrischen Elementen zura Aussenden und einricbtung 18 relate 

d&b&k^ der Ort der Fixatlonselnric 

xarionskathetcr, aber auch des Lcchungskathcters als der und zu der Lochungseinrichtung 18 errnittelt wcr* 

die Ftxaricnseinrichtung bzw, die Ld^tini^einiiditung denJfcuf diese^ 

ritfg£§n^ d^ : ^igstens dm K&the^ 'ektdeudg besrimmt und 

Die Ausgestaitung der FtialiOiiseii^cHtto « auf eii#^w^ednr^ 

Gegenstand derErfisdung, es kauri uch dabei be&pieb-; angecfeiite^if emcm Bildsehirm dargesteUt werdeit, 

we^ urn meril^hr^^e^ in es m^cb» ^e One, an deuen b^rjeits ene 

Sa«|^p^; A^n<%Au^ der : iUi^«ingf^' U^^'V"^to^ : eine^^Loc^ in "das Myol^iM^m^ 

richtungM nicftt<^ bracbt worden ist» markieren. der Ori, ah dem «#<tie 

es sich um eine I^erfiber, erne Hadel, einen Heizdraht 50 Locbungsemrichtting 18 befindet (in Fig* 4,diirch ein V 

Oder einen Hocbdruckstrahi handein. angedeutet) kann dargestellt und so ein geeigneter Ort 

Die Erfmdung wird fax folgeoden anband elner Zetdi* $&r ■das ^Set^t eines weileren hochs von deni Qperateur 

nungeriautert Dabeizeigt; b^imtwerden. 

Fig, i eine schematiscbe Dorstetiung des Katheters, Die piezoelektrischen Eiemente 20 T 22 an den Aus- 

r^g. 2 eine vergroBerte Schnittansicht durch das Ka- 55 trlttsenden der Karfieter H 16 kdnn^ audi dazu ge- 

theter, autct werd^a* die Dicke ita Myokar^ 

F1g» 3 eise v^grd&rte Darstdhmg des distalen Tei- diie Sir dm jew^ligen Fall geeignete Tlefe des in die 

les des Katheters, wobei anders als bei dem in den Fig, 1 Herzamenwaiidimg: enmbriiigeiideii Lck±s m bestim^- 

and 2dargesteiIien jCatheter 3 3Riaudns*T6d!&kaWe7 ism. Siie en^precheiide Datstefiang des Myokards in 

ter vorgesehen stod* und ao ifacr Df eke und <kr Ort der in das lieh einsoadrfngen" 

Ftg, 4 einen zur ^ deii Lx^ungseiaricbtung \B ist auf dnfaehe Weise 

Das in Bg^-1 gezeigte Katbeter bestebt aua einem diirch ein biidgebendes Verfahren unter Nutzung der 

MutterKatheter ift das drel Tochterkatheter U 14 von den Piezoelementen 2ft 22 ausgesaidt€« und^^ w^ 

fiihrt Die bciden Tochterkatheter 12 sind an ihrem di- der empfangeaen Signalen md^icli, indem das Echo von 

staien Ende mit dnem Bohrliaken 16 versehen, der zur &s der GrenzMe zwisdien der AuBenseite des Myotods 

Fixadon des freien Endes des Katheters an der Inner*- und des dieses umgebenden Gewebes erf aBt und ausge- 

wandung des Herzeas dient: Das dritte TocbfcKrkatbeter wertet wird 
14 ist an seteem freien Ende mit einer EinruAtung 18 



r 



DE 195 37 084 At 



4 




terkaiheteni |t2S 14); w«^gsS&a dor 
TwhttHtethcter (12) an pem dstalen Eade mit 
daer Hoi^&^ der 
tonenwaoduiig cfo lierz eiis vefs<i*tt is^ui^ ^ io 

^ti^ d<^ 

r^tuag (18) zimi Etelsi^^ 

die Im^^dyni des Hlra^ns ^y^fa^ jSt, i& 

6nden~mit St>er das Kifee& 



ZKathetoi^ 20 
d4 die Jife^ektp^M Eftol^^er Pra- 

rftgf&mig umgeb^te Kez^btie ai^&det 

1st 

dureh ^kennat^net, d?d$ die pie^ektriscte& 
m^nente d^j Lodui^ als die Lo- 

chungseiBrichtung (16) ringfarmig umgebode Pie* 
zofolie (20} ai^geMdetist 

4 Kathetet nach einem der vorangehenden Aii- 30. 
spn^erdadorcfr g^ 

neawandungdes Herzens eke Laswn^i^-E&srici- 

durch gekeni&efcimet, dbtB; : ' die^ jSij^htaxig zw& 
Snbringea eihss fraen Ldx&in dfe Innen^dung 
cies Herzeos etc mit hochfrequenter Energie beaaf - 
schlagter Drahtist 
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Hieiru 2 Sehcja) Zea&mmgen 



45 



so 



55 



ZBCNNUNGEN SEfTH 1 



Numman 
IntCi. 8 : 

Qffenlsgungstag: 



A SI B 17/30 

IO.Apnll99? 




702015/203 



ZBCHNUNGEN SQTTE 2 



Nummer: 
Offeniegungstag; 



De 105 57 OM A ! 
A 81 8 17/W 




7O2QtS/20$ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
-Q^FADED TEXT OR DRAWING 

P-BCURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



tJ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 




